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Abstract
We report 75As- and 51V-nuclear magnetic resonance (NMR) measurements on the iron-based
superconductor Sr2VFeAsO3 with alternating stacks structure. We find that the
75As nuclear spin-
spin relaxation rate (1/T2) shows a pronounced peak at TN = 165 K, below which the resonance
peak shifts to a higher frequency due to the onset of an internal magnetic field. The 51V spectrum
does not shift, but is broadened below TN . We conclude that the Fe electrons oder antiferromag-
netically below TN with a magnetic moment mFe ∼ 0.4 µB . Application of external pressure up
to 2.4 GPa reduces TN in a rate of −40 K/GPa, and enhances the superconducting transition
temperature Tc in a rate of 2 K/GPa. The pressure-temperature phase diagram for Sr2VFeAsO3
shows that superconductivity coexists with antiferromagnetism over a wide pressure range with an
unprecedented high Tc up to 36.5 K.
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I. INTRODUCTION
The discovery of superconductivity in iron-pnictide LaFeAsO1−xFx at the superconduct-
ing transition temperature Tc = 26 K
1 has generated much interest, and led to the discovery
of many other families.2–9 The parent compounds are metallic and show a tetragonal to
orthorhombic structural phase transition followed by an antiferromagnetic order. Supercon-
ductivity appears after suppressing these orders by electron/hole doping to the FeAs layer,
and/or by applying pressure.10–12 Experiments have suggested that the superconductivity
may be related to the quantum critical fluctuations associated with the above-mentioned
orders.13–17
Recently, high-Tc superconductivity was found in Sr2VFeAsO3 that composes of alter-
nating stacks of FeAs and perovskite Sr2VO3 layers.
18 The T ρc = 37 K was inferred from
the electrical resistivity measurement, and T χc = 32 K from the magnetic susceptibility.
Hereafter in this paper, the Tc refers to T
χ
c . It was reported that Tc increases to 43 K
at a pressure P = 4 GPa.19 As in the cuprate high-Tc superconductors, this opens a new
gateway to studying the relationship between crystal structure and superconductivity, and
has triggered the synthesis of other compounds with similar stacking structures.20,21 It is
interesting that the superconductivity in Sr2VFeAsO3 is realized without doping by element
substitution. Since most stoichiometric Fe-based compounds host magnetism, searching for
a possible magnetic order in Sr2VFeAsO3 has also become an important subject.
22
Indeed, previous magnetic susceptibility and specific heat found an anomaly at a high
temperature TM ∼ 150 K, which was ascribed to a possible magnetic transition.
22 Since the
Fe Mo¨ssbauer spectra showed no additional broadening below TM , it was proposed that the
anomaly originates from the V spin ordering.22 However, the reported Fe Mo¨ssbauer spectra
split into two peaks even above TM ,
22 and the reported full width at the half maximum
(FWHM) of the Mo¨ssbauer spectra is rather comparable with that observed in the Fe ordered
state of non-doped BaFe2As2
23 and LaFeAsO.24 This suggests that it is difficult to rule out
Fe spin order by the Mo¨ssbauer measurement, and the origin of the anomalies at TM ∼ 150
K in Sr2VFeAsO3 remains unclear. It is important to elucidate whether the anomaly is due
to a magnetic order, and whether the Fe electrons or V electrons order. This is because the
relationship between magnetism and superconductivity is an important issue generally in
strongly-correlated electron systems.
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In this paper, we report 75As- and 51V-NMR studies on polycrystalline Sr2VFeAsO3
under elevated pressures. Since Sr2VFeAsO3 is a stoichiometric compound, we use external
pressure to tune the electronic state. We have constructed a pressure-temperature phase
diagram that shed lights on the relationship between magnetism and superconductivity in
this system.
We found an internal magnetic field Hint = 1.1 T at the As site, while the
51V-NMR
spectrum is broadened due to a field distribution of 0.005 T below TN = 165 K. The
75As
spin-spin relaxation rate (1/T2) shows a pronounced peak at TN . We conclude that it is the
Fe electrons that order below TN , which produces a large internal magnetic field at the As
site and a field distribution at the V site, since V is far away from Fe in the unit cell. In the
superconducting state, the spin-lattice relaxation rate 1/T1 decreases rapidly below Tc as in
other pnictides.14–17,26,27 Thus superconductivity coexists with magnetism in Sr2VFeAsO3
as in other systems,13,25 but with a much higher Tc of 36.5 K.
II. EXPERIMENTAL
Polycrystalline samples of Sr2VFeAsO3 were synthesized by using a two-step solid-state
reaction method.18 First, SrAs powders were obtained by the chemical reaction method
with Sr pieces and As grains. Then, they were mixed with V2O5 (3N), SrO (2N), Fe and
Sr powders (3N), in the formula Sr2VFeAsO3, ground and pressed into a pellet shape. The
weighing, mixing, and pressing process were performed in a glove box with a protective
argon atmosphere (the H2O and O2 contents were both below 0.1 ppm). The pellets were
sealed in a silica tube with 0.2 bar of Ar gas and followed by a heat treatment at 1150 ◦C for
40 h. Then it was cooled down slowly to room temperature. The transport and magnetic
properties were described previously18. A large pellet (∼ 1000 mg) was crushed into coarse
powder for NMR measurements.
The ac susceptibility measurements using the in-situ NMR coil at zero magnetic filed
indicates Tc = 32 K.
75As and 51V-NMR measurements were carried out by using a phase-
coherent spectrometer. The NMR spectrum is obtained by integrating the spin echo intensity
by changing the resonance frequency (f) at a fixed magnetic field of 12.951 T. The T1 was
measured by using a single saturating pulse, and is determined by fitting the recovery curve
of the nuclear magnetization to the theoretical function ; (M0−M(t))/M0 = 0.9exp(−t/T1)
3
+ 0.1exp(−6t/T1), where M0 and M(t) are the nuclear magnetization in the thermal equi-
librium and at a time t after the saturating pulse. The spin-spin relaxation rate (1/T2) was
obtained from the relation of the spin echo intensity I(τ) = I(0)exp(−2τ/T2) where τ is
the time separation between the pi/2 and pi pulses. Both T1 and T2 were measured at the
spectra peak corresponding to H//ab configuration.
The pressure was applied by utilizing a NiCrAl/BeCu piston-cylinder type cell filled
with silicon oil28 as the pressure-transmitting medium. The pressure at low temperatures
was determined from the Tc values of Sn metal measured by a conventional four-terminal
method. The pressure distribution ∆P at low temperatures due to solidification of pressure
transmitting media for present cell is quantitatively determined to be 5%.29
III. RESULTS
A. Magnetic order probed by 75As and 51V-NMR
First, we show evidence for Fe magnetic order from 75As-NMR and 51V-NMR. Figure 1
shows the typical 75As NMR spectra for the central transition (m = 1/2↔ -1/2 transition).
The total nuclear spin Hamiltonian is written as H = Hz + HQ, where HZ = γh¯
−→
I · (
−→
H0 +
−→
H int), and HQ is due to the interaction between the nuclear quadrupole moment and the
electric field gradient (EFG). Hint is a local magnetic field due to the hyperfine interaction,
and H0 is the applied magnetic field. The sizable HQ for
75As whose nuclear spin is I=3/2
has a large perturbation effect on the m = 1/2↔ -1/2 transition30. Since the crystalline axis
in a powdered sample is randomly distributed, the NMR spectrum shows a powder pattern
depending on the angle θ between the principal axes of the EFG (z′) and the external
magnetic filed (z).30 For the case of the As site in the FeAs layer, z′ corresponds to the
crystal c direction.
As seen in Fig. 1, there is a two-horns shape in the frequency dependence of the spectrum.
These two horns (peaks) correspond to θ = 41.8◦ (peak at lower frequency) and θ = 90◦ i.e.
H0//ab (peak at higher frequency). We are the first to observe the NMR spectra around T ∼
150 K, while previous As-NMR attempt failed to detect a signal around this temperature.19
We find that the spectrum shifts to a higher frequency below TN = 165 K. The frequency
shift of the θ = 90◦ peak indicates the appearance of an internal field.
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FIG. 1: (color online) Temperature dependence of the frequency swept 75As-NMR spectra (center
transitions only) at the fixed magnetic field of H0 = 12.951 T. The two horns correspond to θ =
41.8◦ and 90◦ (H0 ‖ ab-plane), see text for detail.
In contrast, the 51V-NMR spectrum does not shift, while it is broadened below TN = 165
K, as seen in Fig. 2(a). As seen in the figure, we observed a single peak. Since the nuclear
spin for V nucleus is I = 7/2, this suggests that the EFG is small, if any, at the V site. The
spectrum can be fitted by a single Lorentzian curve. As plotted in Fig. 2(b), the FWHM
of the 51V-NMR spectrum is increased below TN = 165 K. At T=100 K, the broadening is
equivalent to a field distribution of ∼ 0.005 T.
The appearance of the internal magnetic field at the As site and a magnetic field distri-
bution at the V site is due to a magnetic order, which is corroborated by the spin dynamics.
Figure 3(a) shows the temperature dependence of 1/T2, which exhibits a pronounced peak
at TN . Such a peak in a temperature dependence of 1/T2 is a characteristic feature of a mag-
netic order,32 since 1/T2 probes the longitudinal fluctuating field. At the V site, however,
1/T2 shows no anomaly at TN .
The results are consistent with the Fe electrons ordered magnetically below TN . Namely,
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FIG. 2: (color online) (a) Temperature dependence of the frequency swept 51V-NMR spectra at
the fixed magnetic field of 12.951 T. (b) Temperature dependence of the full width at the half
maximum (FWHM).
the ordered Fe electrons produce an internal magnetic field at the As site through the Fe-3d
and As-2p orbital mixing, and create a field distribution at the V site since V is far away
from Fe in the unit cell. Assuming the same Fe spin alignment as in LaFeAsO,24 the effective
field at the As site when the external field is applied along the a-axis is given by Heff =√
H20 +H
2
int, where Hint is the internal field produced by the ordered Fe spins.
25,31 The
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calculated Hint(T ) and the estimated mFe using the hyperfine coupling constant
75A⊥hf =
2.64 T/µB
31 are plotted in Fig. 3(b). The saturated valuesm ∼ 0.4 µB is comparable to that
observed in non-doped BaFe2As2
33 and LaFeAsO.34 Furthermore, a field distribution at the
V site due to a dipole-dipole interaction from the Fe spins (sj), ∆Hd=
∑
j
{
3(sj·rj)
r5j
−
sj
r3j
}, is
calculated to be ∼0.004 T at the V site, which is in reasonable agreement with the observed
∆H . Thus, we conclude that the Fe electrons order antiferromagnetically in Sr2VFeAsO3,
as in other iron pnictides.
The transition temperature TN = 165 K found in the present sample is slightly higher than
TM ∼ 150 K seen in the susceptibility and specific measurements.
22 This is probably due to
a difference in the sample quality. In fact, inspection of the derivative of the resistivity data
for our sample shows an anomaly at TN ∼ 165 K, being consistent with the NMR results.
The sample dependence of a putative magnetic transition was reported previously by various
measurements.35,36 For example, µSR(Ref.35) and neutron scattering measurements (Ref.36)
on a sample with lower Tc ∼ 25 K found an anomaly at a rather lower TM ∼ 40 K. The
sample difference is likely due to the deficiency of oxygen. When oxygen is deficient, Tc is
reduced.37
B. Temperature - Pressure phase diagram
Next we present the magnetic and superconducting properties in Sr2VFeAsO3 under
high pressures. Figure 4 shows the temperature dependence of the ac-susceptibility under
pressure measured using the in-situ NMR coil. The superconducting transitions are clearly
seen as rapid decreases of the susceptibility. The Tc(P ) are 32 K, 36 K, and 36.5 K at P =
0, 1.9 and 2.4 GPa, respectively. The Tc increases in a rate of 2 K/GPa, which is consistent
with previous resistivity measurement under pressure.19
Figure 5 shows the temperature dependence of 1/T2 at P = 0, 1.9, and 2.4 GPa, respec-
tively. Since the sample space in the pressure cell is limited, we can only use a very small
amount of sample and as a result, the NMR signal to noise ratio is much smaller compared
to the measurement at ambient pressure. It becomes difficult to measure the whole spec-
tra at each temperature around TN . Therefore we adapt the T2 measurement to probe the
magnetic transition at high pressures. Even so, the fast spin - spin relaxation around TN
results in a rapid decay of the spin echo, and thus a poor S/N. At ambient pressure, we
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FIG. 3: (color online) (a) Temperature dependence of 75As spin-spin relaxation rate. (b) Temper-
ature dependence of the internal magnetic field (Hint) (left vertical axis) deduced from frequency
shift of NMR spectra in Fig. 1, and the estimated Fe moment (right vertical axis).
managed to observe the signal around TN , but this becomes impossible at high pressure
because of the small sample amount. Nonetheless, a clear shift of the data points towards
lower temperature can be seen. We estimated TN by extrapolating the data above and
below TN(P ), and obtained TN(P ) = 90 K ± 15 K (1.9 GPa) and 70 K ± 10 K (2.4 GPa)
from the intersection of the extrapolated curves. The error bar corresponds to the half of
the temperature interval between which we lost the signal. The TN is reduced by pressure
in a rate of −40 K/GPa, which is larger than the cases of SrFe2As2 (−25 K/GPa)
38 and
LaFeAsO0.945F0.055 (−17 K/GPa)
39.
As seen in Fig. 6, in the superconducting state below Tc, 1/T1 decreases without
a Hebel-Slichter peak as in other iron pnictide superconductors.14–17,26,27 Since T1 was
measured at the peak corresponding to θ = 90◦ which experiences an internal magnetic
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FIG. 4: (color online) The ac-susceptibility for Sr2VFeAsO3 at P = 0, 1.9, and 2.4 GPa, respec-
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FIG. 5: (color online) The temperature dependence of 1/T2 at P = 0, 1.9, and 2.4 GPa, respectively.
The curves are guides to the eyes. The arrows indicate TN .
field, this result indicates that superconductivity coexists microscopically with antiferro-
magnetism. Previous NMR measurements on electron-doped Ba(Fe1−xNix)2As2
13 and hole-
doped Ba0.77K0.23Fe2As2
25 found clear evidence for a microscopic coexistence of antiferro-
magnetism and superconductivity. However, in those compounds, the coexisting region is
rather narrow and Tc there is lower than 20 K . In the present case, superconductivity is
much more robust in the sense that the coexistence takes place in a wider parameter range
and Tc is much higher (as high as 36.5 K) within the antiferromagnetically ordered phase.
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FIG. 6: (color online) The temperature dependence of 1/T1 at P = 0, 1.9, and 2.4 GPa obtained
by As-NMR in the fixed magnetic field of 12.951 T. Solid arrows indicate Tc(H).
IV. DISCUSSION
The electrical resistivity decreases with decreasing temperature and shows a further a
sharper decreases at T0 ∼ 200 K.
18 As seen in Fig. 6, we found a peak at this T0 in the
T -dependence of 1/T1. The magnitude of the 1/T1 at T0 is reduced by pressure, but T0 is
almost pressure independent. Since no internal magnetic field was found at this temperature,
a magnetic cause may be excluded. The origin of T0 is unknown at the present stage.
Finally, we show in Fig. 7 the pressure-temperature phase diagram for Sr2VFeAsO3
obtained from the present work. The TN is reduced by pressure rapidly in a rate of −40
K/GPa. Concomitantly, Tc moderately increases in a ratio of 2 K/GPa. Qualitatively, the
obtained phase diagram is similar to other iron pnictides.5,13,25 However, Tc = 36.5 K is
much higher than other systems in the region with a coexistence of antiferromagnetisim.
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FIG. 7: (color online) The phase diagram for Sr2VFeAsO3 obtained by present work. The smaller
solid diamonds are referred from the resistivity measurements.19
V. SUMMARY
We have performed 75As- and 51V-nuclear magnetic resonance (NMR) measurements on
the iron-based superconductor Sr2VFeAsO3 with alternating stacks. We found an internal
magnetic field at the As site, and a field distribution at the V site below TN = 165 K,
at which the 75As nuclear spin-spin relaxation rate (1/T2) shows a pronounced peak. We
concluded that Fe electrons order antiferromagnetically with a magnetic moment mFe ∼ 0.4
µB. Applying external pressure up to 2.4 GPa reduces TN in a rate of −40 K/GPa, and
enhances Tc in a rate of 2 K/GPa. The pressure-temperature phase diagram for Sr2VFeAsO3
shows that superconductivity coexists with antiferromagnetism with an unprecedented high
Tc up to 36.5 K.
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